
African Journal of Microbiology Research Vol. 6(21), pp.4512-4520, 9 June, 2012 
Available online at http://www.academicjournals.org/AJMR 
DOI: 10.5897/AJMR11.1405  
ISSN 1996-0808 ©2012 Academic Journals 

 
 
 
 
 
 

Full Length Research Paper 
 

Grass carp (Ctenopharyngodon idellus) infected with 
multiple strains of Aeromonas hydrophila 

 

Weidong Zheng1, Haipeng Cao2* and Xianle Yang2* 
 

1
Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, P. R. China. 

2
National Aquatic Pathogen Collection Center, Shanghai ocean university, Shanghai 201306, China. 

 
Accepted 9 May, 2012 

 

Ctenopharyngodon idellus is an important commercial fish species in China and many other countries 
to meet human food habits. However, there is no definitive data to indicate the multi-infection of 
pathogenic Aeromonas hydrophila strains in cultured C. idellus. In this study, four strong virulent 
strains with five virulence genes were simultaneously isolated from the cultured C. idellus suffering 
from septicemia, and identified as different A. hydrophila isolates using the ATB 32GN system, 
phylogenetic analysis, enterobacterial repetitive intergenic consensus-polymerase chain reaction 
(ERIC-PCR). They were susceptible to chloramphenicol, tobramycin, kanamycin, norfloxacin, 
spectinomycin, furantoin, azithromycin, and resistant to carbenicillin, penbritin, clindamycin. In 
addition, to further control the multi-infection of A. hydrophila, norfloxacin, the well-known fishery drug 
widespread used in aquaculture, was employed to treat this disease. Its minimum inhibitory 
concentrations (MICs) were 2~4 mg/L and good protection effects were also exhibited on the naturally 
infected fish at a final concentration of 1 and 2 g/Kg in the feed (cal. 20 and 40 mg/Kg of fish). As an 
important pathogen of a zoonotic and foodborne disease, the multi-infection of A. hydrophila strains 
may be an emerging threat in grass carp farming and food safety, and more importance should be 
attached to their multi-infection in fish farming. 
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INTRODUCTION  
 
The grass carp (Ctenopharyngodon idellus) is widely 
distributed and cultivated in Asia, Europe, North America 
(Beveridge, 1984). Especially in China, the grass carp 
has become an important commercial fish species with 
the production of above 3 million tons since 1999, 
accounting for 95.7% of its global production (Liu et al., 
2009). However, the grass carp farming has been 
seriously affected due to diseases, especially 
aeromonasis, which has led to USD 0.3 billion of 
economic losses (Jang et al., 2010). Thus, aeromonasis, 
especially   multiple  infection  of  Aeromonas  pathogens,  
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should be brought more attention for the sustainable 
development of grass carp farming industry all over the 
world. Aeromonas hydrophila is a common opportunistic 
fish pathogen, which has been reported as a causative 
agent of outbreaks such as haemorrhagic septicemia, 
ulcer syndrome, motile Aeromonas septicemia (MAS), 
and enteritis (Shao et al., 2004; Zhang et al., 2006). 
These diseases caused by A. hydrophila are usually 
associated with its production of toxins such as 
cytotoxins, proteases, S-layers, aerolysins and 
haemolysins (Cahill, 1990). The single pathogenic A. 
hydrophila strain has been isolated from Clarias 
gariepinus, Oreochromis niloticus, Pacifastacus 
leniusculus, Acipenser baeri, respectively (Angka et al., 
1995; Yambot, 1998; Jiravanichpaisal et al., 2009; Cao et 
al., 2010). However, there is no definitive data to indicate 
the   multi-infection   of   A.  hydrophila  in  cultured  grass  
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carps.  

In this paper, four different strong virulent A. hydrophila 
strains were simultaneously isolated from the diseased 
grass carps suffering from septicemia in Xiantao, Hubei 
China, their phenotypic characterizations, taxonomic 
positions, genotypic analysis, virulence genes, 
antimicrobial susceptibility were examined, and the 
treatment of the multi-infection of A. hydrophila strains 
was also further conducted. As far as we know, this is the 
first report of farmed grass carp infected with multiple 
strains of A. hydrophila. 
 
 
MATERIALS AND METHODS 
 
Grass carp samples 

 
Forty diseased grass carps (800±10 g in weight) were sampled and 
transported to the laboratory as described by Ruso (1987) from 
Dongsen Bioscience Co., Ltd. in Xiantao, Hubei China during June 

2011, where 200,000 grass carps were farmed. 
 
 
Isolation of bacteria 
 
Each sampled moribund grass carp, judged as still ventilating but 
unable to hold position or remain upright (Hruska et al., 2010), was 
disinfected externally with 75% alcohol and dissected in the 
laboratory. 0.2 g of the internal organ samples such as livers, 
kidneys were cut to isolate and purify bacteria according to Song et 
al. (2011).  

 
 
Identification of bacteria 
 

Phenotypic identification using ATB 32GN system 

 
The isolates were phenotypically identified using ATB 32GN system 
as recommended by Altwegg and Zollinger-Iten (1987). Briefly, the 
isolates were grown on nutrient agar (NA) plates (Sinopharm 
Chemical Reagent Co., Ltd.) at 28°C for 24 h, and then the 
bacterial suspension was used to inoculate the API ID32GN strip 
(Bio-Merieux, SA) following the manufacturer’s instruction. The strip 
was incubated at 28°C and observed after 48 h for checking against 
the API identification index and database. 

 
 
Molecular identification  
 
The genomic DNA extracts of the isolates, as well as their 16S 
rRNA genes’ polymerase chain reaction (PCR) amplification and 
sequencing were performed according to Cao et al. (2010), then 
their partial 16S rRNA sequences were assembled using MegAlign, 
Editseq and Seqman software with a Power Macintosh computer. 
Searches were done against the National Centre for Biotechnology 
Information (NCBI) database using the Basic Local Alignment 
Search Tool (BLAST) program. The phylogenetic tree from partial 
16S rRNA sequences of the isolates and their homologous 
sequences was further constructed using neighbor-joining method. 
 
 
Strain differentiation assay 

 
The genotyping of the isolates was performed using enterobacterial 
repetitive intergenic consensus-polymerase  chain  reaction  (ERIC- 

Zheng et al.         4513 
 
 
 
PCR) as recommended by Saxena et al. (2002) and Xiao et al. 
(2011), a useful tool for typing gram-negative and also gram-
positive bacteria (Sampaio et al., 2006), and A. hydrophila 
ATCC7966 was used as the control bacterium. 
 
 
Bacterial virulence assay 

 
100 healthy grass carps (100±10 g in weight), evaluated by a 
careful exam of physical appearance and behavior as well as 
internal organs such as liver and kidney for bacterial pathogens, 
were obtained from Dongsen Bioscience Co., Ltd. in Xiantao, Hubei 
China, and were respectively maintained in 40 aquaria (10 grass 

carps per aquaria) supplied with 100 L de-chlorinated tap water at 
25~28°C for 14 days. Prior to the bacterial virulence assay, the 
isolates’ live cells were respectively prepared as recommended by 
Cao et al. (2010), and their cell densities were determined using the 
dilution and spread plate technique. 10 healthy grass carps were 
respectively injected intramuscularly as recommended by Iqbal et 
al. (1999) with 0.2 ml of the isolate’s live cells at a final cell density 
of 1.0×10

8
 cfu/ml. Another 10 healthy grass carps were injected 

with 0.2 ml of sterile saline as the control. The experimental grass 

carps were kept at 28°C and observed daily for 7 days. Dead grass 
carps were immediately removed for pathogen isolation according 
to Bucke (1989), and the signs and mortalities were recorded. Each 
experiment was conducted in two parallel. After the virulence 
assay, another 420 healthy fish were sampled to test the mean 
lethal dose (LD50) value of the isolates at a final cell density of 
10

4
~10

8
 cfu/ml, the LD50 values were calculated using the linear 

regression method described by Won and Park (2008). Each 
experiment was conducted in two parallel. 

 
 
Virulence gene assay 
 
The genomic DNA was extracted from the pure cultures of the 
isolates using a genomic DNA extraction kit following instructions of 
the manufacturer (Shanghai Sangon Biological Engineering 
Technology & Services Co., Ltd.). The virulence genes, including 

the aerolysin (aerA) gene, haemolysin (hlyA) gene, serine protease 
(ahpA) gene, cytotonic enterotoxin (alt and ast) genes, were 
respectively amplified by PCR using specific aerA, hly, ahp, alt and 
ast gene primers as recommended by Nawaz et al. (2010) and Zhu 
et al. (2006). A. hydrophila strain S1, previously isolated from 
Acipenser baeri with septicemia and phenotypically, molecularly 
identified (Cao et al., 2010), and Escherichia coli DH5α were 
respectively taken as the positive and negative control bacteria. 
The specific primers for virulence gene amplification were listed in 
Table 1. The PCR products were electrophoresed on 1% agarose 
gel and visualized via ultraviolet trans-illumination. 
 
 
Antimicrobial susceptibility assay 

 
Susceptibility of the isolates to antimicrobial agents was assayed on 
NA plates using Kirby-Bauer disk diffusion method as 
recommended by Jones et al. (2001). Thirteen fishery drug discs 
were obtained from Hangzhou Tianhe Microorganism Reagent Co., 
Ltd. The diameters of inhibition zones against the isolates were 
measured and recorded after the incubation of 24 h. The 
susceptibility was determined following the susceptibility category 
criteria of the manufacturer.  

 
 
MIC assay 

 
The minimal inhibitory concentrations (MICs) of the susceptible 
drug  against   the   isolates   were   determined   as   described   by  
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Table 1. Specific virulence gene primers for PCR amplification. 
 

Virulence gene Primer (5’→3’) Sequence length (bp) 

aerA 
Forward: CCTATGGCCTGAGCGAGAAG 

431 
Reverse: CCAGTTCCAGTCCCACCACT 

   

hlyA 
Forward: GGCCGGTGGCCCGAAGATACGGG 

592 
Reverse: GGCGGCGCCGGACGAGACGGGG 

   

ahpA 
Forward: ATTGGATCCCTGCCTATCGCTTCAGTTCA 

1011 
Reverse: GCTAAGCTTGCATCCGTGCCGTATTCC 

   

Alt 
Forward: TGACCCAGTCCTGGCACGGC 

442 
Reverse: GGTGATCGATCACCACCAGC 

   

Ast 
Forward: TCTCCATGCTTCCCTTCCACT 

331 
Reverse: GTGTAGGGATTGAAGAAGCCG 

 

 
 

 
 

Figure 1. The pathological symptoms of the grass carps suffering from septicemia. A: arrow 
indicated the hemorrhage of the body; B: arrows indicated the hyperaemia of the pectoral fin, 
pelvic fin, abdomen, as well as the inflammation of the anus; C: arrow indicated the 

hemorrhage of the abdominal cavity; D: arrow indicated the hyperaemia of the intestine wall. 
 
 
 

Bussmann et al. (2010). The growth of the isolates was observed 
after the incubation of 48 h, and the MIC was recorded as the 
lowest concentration that did not permit any visible growth. 
 
 
Protection test 

 
270 naturally infected grass carps were randomly placed in three 
200 L tanks (30 fish per tank, three tank per group) for the three 
treatments (the control, low dosage and high dosage groups) 
described below. The tanks used recycled aerating farm water that 
was kept at 28°C throughout the experiment. Norfloxacin, obtained 
from Beijing Yujing Biotech. Co. Ltd., was manually incorporated 
into commercial dry pellets at a final concentration of 1 and 2 g/Kg 
in the feed (cal. 20 and 40 mg/Kg of fish) for low and high dosages, 
respectively. Fish were fed approximately 2% of body weight once 
a day. Fish fed only commercial dry pellets served as a control. 

Dead fish were immediately removed for pathogen isolation as 
described by Bucke (1989), and mortalities were recorded each day 
for 7 days. 
 
 
RESULTS 
 
Identification and genotyping of the isolates 
 
80~100% of the challenged fish acutely died and showed 
the same clinical septicemia signs similar to the originally 
infected fish (Figure 1) after the injection of four isolates’ 
cells (GCLB3, GCkB3, GCSB2, GCSB3), and no acute 
mortality or visible changes were observed in the control 
grass carps. The LD50  values  of  the  four  isolates  were  
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Table 2. LD50 values of the four isolates. 
 

Strain 
Correlation regression equation between the logarithm of their cell densities 

(X) and mortalities (Y) 
LD50 value (cfu/g) 

GCLB3 Y=22X-96, R
2
=0.9453 4.37×10

4
 

GCKB3 Y=20X-52, R
2
=0.9346 1.26×10

3
 

GCSB2 Y=23X-90, R
2
=0.9653 1.23×10

4
 

GCSB3 Y=20X-62, R
2
=0.9804 3.98×10

3
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 
 

 

 Aeromonas media strain ATCC33907 [X60410] 

 Aeromonas media strain CDC0862-83 [AY987773] 

 Aeromonas hydrophila strain LNB101 [FJ940823] 

 strain GCKB3 

 strain GCLB3 

 Aeromonas hydrophila strain YBH090730L [GU169711] 

 Aeromonas hydrophila strain NJ-1 [HQ876090] 

 strain GCSB2 

 Aeromonas hydrophila strain JNC606 [GU205191] 

 strain GCSB3 

 Aeromonas hydrophila strain jy1 [EU678635] 

 Aeromonas veronii strain w-s-06 [JF490065] 

 Aeromonas veronii strain MRM0908 [GQ983054] 

 Aeromonas sobria strain JY081016-1 [GQ232759] 

 Aeromonas jandaei strain ATCC49568 [X60413] 

 Aeromonas jandaei strain LNC206 [FJ940821] 99 

99 

76 

99 

99 

98 

94 

99 

85 

99 

99 

49 

0.002 

Aeromanas media strain ATCC33907 [X60410] 

Aeromanas media strain CDC0862-83- [AY98773] 

 
 
Figure 2. The constructed phylogenetic analysis of the four isolates (GCSB3, GCSB2, GCLB3, GCKB3) using neighbor-joining 
method. 

 
 
 
further respectively tested to be 4.37×10

4
, 1.26×10

3
, 

1.23×10
4
 and 3.98×10

3
 cfu/g according to the correlation 

regression equation between the logarithm of their cell 
densities and mortalities (Table 2), which confirmed the 
four isolates highly virulent according to Mittal et al. 
(1980). 

The ATB 32GN system identified the four isolates as A. 
hydrophila strains (data not shown), and showed an 
identity of >99.1% with the type strain ATCC7966 in 
phenotypic characterization. However, there were some 
differences among the four strains in the characterization 
of Salicin, Caprate, L-Alanine and L-Proline, which 
revealed the characteristic diversity of the four isolates of 
A. hydrophila. In addition, the partial 16S rRNA 
sequences (ca. 1.4 kb) of the four isolates (strain GCLB3, 
strain GCkB3, strain GCSB2 and strain GCSB3) were 

submitted to GenBank database with the accession no. 
JN400039, JN400040, JN400041, JN400044. Similarities 
between the 16S rRNA sequences of the four strains and 
those of A. hydrophila strains in the GenBank database 
were 99~100%, which proved the initial identification. The 
constructed phylogenetic tree using neighbor-joining 
method further demonstrated the four isolates as A. 
hydrophila strains (Figure 2). However, the four different 
banding profiles were obtained from the four isolates 
(Figure 3), which indicated that the four isolates 
generated different genotypes. 
 
 
Virulence genes of the isolates 
 
The specific PCR  amplification  of  virulence  genes  was  
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Figure 3. The enterobacterial repetitive intergenic consensus 

PCR fingerprint of the isolates. M: DNA marker, 1: isolate 
GCSB3, 2: isolate GCSB2, 3: isolate GCLB3, 4: isolate GCKB3, 
5: the control strain ATCC7966. 

 
 
 

 
 

Figure 4. The PCR amplification of the four isolates’ virulence genes. A: isolate GCLB3, B: GCkB3, C: GCSB2, D: GCSB3, 
E: the positive control strain S1; F: the negative control strain DH5α. Lane 1: DNA marker; lane 2: aerA gene, lane 3: hlyA 
gene, lane 4: ahpA gene, lane 5: Ast gene, lane 6: Alt gene. 

 
 
 
shown in Figure 4. The specific virulence gene (aerA, 
hlyA, ahpA, alt and ast) fragments were obtained with 
strain GCLB3, strain GCkB3, strain GCSB2 and strain 
GCSB3 using a pair of aerA-specific primers, hlyA-
specific primers, ahpA-specific primers, alt-specific 
primers and ast-specific primers, respectively, which was 
in accordance with that with the control A. hydrophila 
strain S1. The result demonstrated that the virulence 
genes (aerA, hlyA, ahpA, alt and ast) were all present in 

the four isolates. 
 
 
Antimicrobial susceptibility 
 
The susceptibility of the four isolates to antimicrobial 
agents was shown in Table 3. The result indicated that 
the four isolates were all susceptible to chloramphenicol, 
tobramycin, kanamycin, norfloxacin, spectinomycin,  
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Table 3. Susceptibility of the four isolates to antimicrobial agents. 
 

Antimicrobial agent Content (μg/disc) 
Inhibiton zone diameter (mm) 

GCSB2 GCSB3 GCKB3 GCLB3 

Carbenicillin 100 0
R
 7.0

R
 6.5

R
 9.0

R
 

Medemycin 30 13.5
I
 12.5

R
 16.0

S
 13.0

I
 

Penbritin 100 8.0
R
 7.5

R
 10.5

R
 9.0

R
 

Chloramphenicol 30 24.0
S
 23.0

S
 30.0

S
 25.0

S
 

Tobramycin 10 17.5
S
 17.0

S
 16.5

S
 16.0

S
 

Kanamycin 30 18.5
S
 18.0

S
 20.5

S
 18.0

S
 

Furazolidone 300 16.0
I
 16.0

I
 18.0

S
 17.5

S
 

Norfloxacin 10 31.0
S
 34.0

S
 36.0

S
 25.0

S
 

Spectinomycin 100 31.0
S
 28.0

S
 33.0

S
 23.0

S
 

Furantoin 300 17.5
S
 18.0

S
 20.0

S
 21.0

S
 

Vancomycin 30 10.0
R
 9.5

R
 9.0

R
 17.0

S
 

Clindamycin 15 0
R
 9.5

R
 8.0

R
 9.0

R
 

Azithromycin 15 28.0
S
 35.0

S
 30.0

S
 33.0

S
 

 
S
Susceptible; 

I
Intermediate; 

R
Resistant. 
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Figure 5. The minimal inhibitory concentrations of norfloxacin 

against the four isolates (GCSB3, GCSB2, GCLB3, GCKB3). 

 
 
 
furantoin, azithromycin, and resistant to carbenicillin, 
penbritin, clindamycin. Only 25% of these isolates were 
susceptible to vancomycin, and 50% were intermediate 
susceptible to furazolidone and medemycin. Due to the 
effectiveness and well-known widespread use of 
norfloxacin in aquaculture, norfloxacin was chosen for 
further study. 
 
 
MIC determination  
 
The MICs of norfloxacin against the four isolates were 

shown in Figure 5. The MIC values of norfloxacin varied 
by the isolates, ranging from 0.5 to 4 mg/L. The lowest 
MIC value (0.5 mg/L) was recorded in strain GCLB3, and 
followed by strain GCSB3 (2 mg/L), GCSB2 (4 mg/L) and 
strain GCKB3 (4 mg/L). According to National Committee 
for Clinical Laboratory Standards (NCCLS) (2002), MIC 
of norfloxacin ≤4 mg/L was considered as susceptibility to 
the isolate. Thus, the four isolates’ susceptibility to 
norfloxacin was consistent with that found through Kirby-
Bauer disk diffusion method (Jones et al., 2001). 
 
 
Protective effect 
 
The effect of norfloxacin on naturally infected grass carps 
was shown in Figure 6. The cumulative mortality was 
75.64% lower in the high dosage group than that in the 
control group, and the cumulative mortality was also 
39.45% lower in the low dosage group than that in the 
control group. The death of all the test fish observed in 
the control group was caused by A. hydrophila, as 
determined by bacterial isolation and ATB 32GN system 
(data not shown). The result exhibited the protective 
effect of norfloxacin against multi-infection of A. 
hydrophila strains in naturally infected grass carps.  
 
 
DISCUSSION  
 
Bacterial septicemia is responsible for millions of USD in 
annual losses to the cultured freshwater fish industry in 
the US, China and other countries (Shoemaker et al., 
2002; Chen et al., 2011). Thus, more attention should be 
paid to its pathogen and control. So far, several virulent 
bacteria such as Edwardsiella ictaluri, Edwardsiella tarda,  
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Figure 6. The protective effect of norfloxacin on the naturally 

infected grass carps, using a final concentration of 20 and 40 
mg/Kg of fish as low and high dosages. 

 
 
 
Aeromonas hydrophila have been reported to cause 
septicemia of the farmed Ictalurus punctatus, 
Oreochromis niloticus, Acipenser baerii Brandt (Wolters 
and Johnson, 1995; Pirarat et al., 2007; Cao et al., 2010). 
However, no relevant information is available about the 
multi-infection of different virulent A. hydrophila strains in 
the grass carps. In this study, we simultaneously isolated 
four highly virulent strains of A. hydrophila from the 
cultured grass carps with septicemia, assayed their 
phenotypic characteristics, taxonomic positions, virulence 
genes, genotypic analysis and antimicrobial susceptibility, 
and conducted the treatment of the multi-infection of A. 
hydrophila. As far as we know, this is the first report of 
farmed grass carp infected with multiple strains of A. 
hydrophila. 

The pathogenesis of Aeromonas infections is complex 
and multi-factorial with the involvement of a number of 
virulence factors, including extracellular enzymes, 
cytotonic enterotoxins, haemolysins, etc. (Daskalov, 
2006). Previous reports showed that the occurrence of 
genes encoding haemolysin, aerolysin, serine protease, 
cytotonic enterotoxins (hlyA, aerA, ahpA, alt and ast) may 
contribute to the virulence of Aeromonas pathogens, and 
Aeromonas isolates with hlyA, aerA and ahpA genes 
were confirmed as strong virulent strains (Wong et al., 
1998; Sha et al., 2002; Zhu et al., 2006). In the present 
study, the four isolates were highly virulent to the healthy 
grass carps (Table 2) and contained the five virulence 
genes (Figure 4), which was in accordance with the 
previous findings (Wong et al., 1998; Sha et al., 2002; 
Zhu et al., 2006). Apart from pathogenicity of these A. 
hydrophila isolates, there might be other causes for the 
incidence of bacterial septicemia such as high densities  

 
 
 
 
of fish, lack of food disinfection and water degradation 
(Cao et al., 2010), that should also be raised concerns.  

The excellent performance and accuracy of ATB 32GN 
system allows its good use in routine identification of 
gram-negative bacteria in the clinical laboratory (Altwegg 
and Zollinger-Iten, 1987). For example, Lamy et al. 
(2010) identified 51 (100%) isolates at the species level 
using ATB 32GN system. In the present study, the four 
isolates were also correctly identified as distinct A. 
hydrophila strains using the ATB 32GN system for their 
differentiation in phenotypic characterization possibly due 
to genetic changes (Rosselló-Mora and Amann, 2001) 
(data not shown). Additionally, in order to make a better 
understanding of their taxonomic positions, molecular 
phylogenetic studies based on the gene sequences was 
conducted as recommended by Lee et al. (2000). The 
identification result from phylogenetic analysis (Figure 2) 
was consistent with that found through the ATB 32GN 
system (data not shown), and simultaneously revealed 
the remarkable heterogeneity among the different A. 
hydrophila isolates (Figure 3), which agreed with the 
previous finding obtained by Rivera (2008). 

Multiple antibiotic resistance among A. hydrophila 
strains have been reported from many parts of the world, 
as a result of wide use of antibiotics to treat their 
infections and incorporation of subtherapeutic dose of 
antibiotics into feeds for cultured organisms (Pettibone et 
al., 1996; Son et al., 1997; Ko et al., 1998). The four 
isolates also exhibited multiple resistances to human and 
veterinary drugs, including carbenicillin, penbritin and 
clindamycin (Table 4). Thus, it was worthwhile to find out 
the prevalence of antibiotic resistance of A. hydrophila 
pathogens. However, the four isolates were susceptible to 
the common fishery drugs such as norfloxacin (Table 4, 
Figure 5), and the mortality of the naturally infected fish 
was totally controlled when norfloxacin treatment was 
applied (Figure 6), suggesting that the outbreak of the 
disease should not be resulted from the abuse of fishery 
antimicrobial agents. A decrease in dissolved oxygen 
concentration and an increase in ammonia have been 
shown to promote stress in fish and trigger A. hydrophila 
infections (Abulhamd, 2010). Thus, when the treatment 
was stopped, it is essential to fully monitor these 
environmental variables to avoid their stress in fish and 
aeromonasis outbreak. At the same time, the proper use 
of norfloxacin in the grass carps should also be insured 
because it might contribute to inhibit other necessary 
gram-negative bacterium groups in the body, and using it 
for a long time might result in drug resistance and 
threaten human food security. 

In conclusion, the present study for the first time 
reported a multi-infection of A. hydrophila and its control. 
The pathogenicity and virulence genes presence of the 
isolates, as well as their antibiotic resistance to several 
human and veterinary drugs, supported this multi-
infection as an emerging threat in grass carp farming and 
food safety. 

app:ds:norfloxacin
app:ds:penbritin
app:ds:norfloxacin
app:ds:norfloxacin


 
 
 
 
ACKNOWLEDGMENTS 
 
This work has been contributed equally by Haipeng Cao 
and financially supported by the National 863 Program 
(No. 2011AA10A216), the Special Fund for the 
Agroscientific Research in the Public Interest (No. 
201203085), the Earmarked Fund for China Agriculture 
Research System (No. CARS-46), Shangxi Provincial 
Science-Technology Innovation Program, P.R. China, and 
Lianyungang Key Technology Program for Agriculture, 
P.R. China. 
 
 
REFERENCES 
 
Abulhamd A (2010). Genetic diversity and antimicrobial susceptibility of 

motile aquatic aeromonads. Int. J. Chem. Eng. Appl., 1(1): 90-95. 
Altwegg M, Zollinger-Iten J (1987). Identification of Enterobacteriaceae, 

Aeromonas spp. and Plesiomonas shigelloides with ATB 32GN 

system. J. Microbiol.  Meth., 7:103-109.  

Angka SL, Lam TJ, Sin YM (1995). Some virulence characteristics of 
Aeromonas hydrophila in walking catfish (Clarias gariepinus). 

Aquaculture, 130: 103-112. 

Beveridge MCM (1984). Cage and pen fish farming: Carrying capacity 
models and environmental impact. In FAO Fisheries Technical Paper 
255, FAO, Rome, pp. 131-131. 

Bucke D (1989). Histology. In Austin et al. (eds) Methods for the 
Microbiological Examination of Fish and Shellfish, Wiley, New York, 
pp. 69-97.  

Bussmann RW, Malca-Garcla G, Glenn A, Sharon D, Chait G, Díaz D, 
Pourmand K, Jonat B, Somogy S, Guardado G, Aguirre C, Chan R, 
Meyer K, Kuhlman A, Townesmith A, Effio-Carbajal J, Frías-

Fernandez F, Benito M (2010). Minimum inhibitory concentrations of 
medicinal plants used in Northern Peru as antibacterial remedies. J. 
Ethnopharmacol., 132: 101-108. 

Cahill MM (1990). A review, virulence factors in motile Aeromonas 

species. J. Appl. Bacteriol., 69: 1-6. 
Cao HP, He S, Lu L, Hou L (2010). Characterization and phylogenetic 

analysis of the bitrichous pathogenic Aeromonas hydrophila isolated 
from diseased Siberian sturgen (Acipenser baerii). Isr. J. Aquacult.-

Bamid., 62: 182-189. 

Chen A, Jiang Y, Qian D, Chen C, Li A, Huang J, Yang B (2011). 
Freshwater fish bacterial septicemia. China Fish., 3: 54-55. 

Jang S, Liu H, Su J, Dong F, Xiong F, Liao L, Wang Y, Zhu Z (2010). 

Construction and characterization of two bacterial artificial 
chromosome libraries of grass carp. Mar. Biotechnol., 12: 261-266. 

Daskalov H (2006). The importance of Aeromonas hydrophila in food 

safety. Food Control, 17: 474-483. 
Hruska KA, Hinch SG, Heale MC, Patterson DA, Larsson S, Farrell AP 

(2010). Influences of sex and activity level on physiological changes 

in individual adult sockeye salmon during rapid senescence. Physiol. 
Biochem. Zool., 83(4): 663-676. 

Iqbal MM, Tajima K, Ezura Y (1999). Pathogenicity of motile Aeromonas 

species isolated from fishes with epizootic ulcerative syndrome (EUS) 
in Southeast Asian countries. Bull. Fac. Fish. Hokkaido Univ., 50(2): 
93-100. 

Jiravanichpaisal P, Roos S, Edsman L, Liu H, Sǒderhǎll K (2009). A 
highly virulent pathogen, Aeromonas hydrophila, from the freshwater 
crayfish Pacifastacus leniusculus. J. Inver. Pat., 101: 56-66. 

Jones RN, Ballow CH, Biedenbach DJ (2001). Multi-laboratory 
assessment of the linezolid spectrum of activity using the Kirby-Bauer 

disk diffusion method: Report of the Zyvox﹫ antimicrobial potency 

study (ZAPS) in the United States. Diagn. Micr. Infec. Dis., 40: 59-66. 
Ko WC, Wu HM, Tsung CC, Yan JJ, Wu JJ (1998). Inducible β-lactam 

resistance in A. hydrophila: therapeutic challenge for antimicrobial 

therapy. J. Clin. Microbiol., 36: 3188-3192. 
Lamy B, Laurent F, Verdier I, Decousser J, Lecaillon E, Marchandin H, 

Roger F, Tigaud S, Montclos H, Kodjo A (2010). Accuracy of 6 
commercial systems for identifying clinical Aeromonas isolates. 

Zheng et al.         4519 
 
 
 
Diagn. Micr. Infec. Dis., 67: 9-14. 
Lee SD, Kim ES, Hah YC (2000). Phylogenetic analysis of the genera 

Pseudonocardia and Actinobispora based on 16S ribosomal DNA 

sequences. FEMS Microbiol. Lett., 182: 125-129. 
Liu F, Xia J, Bai Z, Fu J, Li J, Yue G (2009). High genetic diversity and 

substantial population differentiation in grass carp 
(Ctenopharyngodon idella) revealed by microsatellite analysis. 

Aquaculture, 297: 51-56. 
Mittal KR, Lalonde G, Leblanc D, Olivier G, Lallier R (1980). Aeromonas 

hydrophila in rainbow trout: relation between viruence and surface 

characteristics. Can. J. Microbiol., 26(12): 1501-1503. 
National Committee for Clinical Laboratory Standards (NCCLS) (2002). 

Performance standards for antimicrobial disk and dilution 
susceptibility tests for bacteria isolated from animals. In NCCLS (eds) 
Approved Standards, Wayne, PA, USA, pp. M31-A2.  

Nawaz M, Khan SA, Khan AA, Sung K, Tran Q, Kerdahi K, Steele R 
(2010). Detection and characterization of virulence genes and 
integrons in Aeromonas veronii isolated from catfish. Food Microbiol., 

27: 327-331. 
Pettibone GW, Mear JP, Sampsell BM (1996). Incidence of antibiotic 

and metal resistance and plasmid carriage in Aeromonas isolated 

from brown bullhead (Ictalurus nebulosus). Lett. Appl. Microbiol., 23: 

234-240.  
Pirarat N, Maita M, Endo M, Katagiri T (2007). Lymphoid apoptosis in 

Edwardsiella tarda septicemia in tilapia, Oreochromis niloticus. Fish 

Shellfish Immun., 22: 608-616. 
Rosselló-Mora R, Amann R (2009). The species concept for 

prokaryotes. FEMS Microbiol. Rev., 25: 39-67. 
Ruso AR (1987). Role of habitat complexity in mediating predation by 

the gray damselfish Abudefduf sordidus on epiphytal amphipods. 

Mar. Ecol.-Prog. Ser., 36: 101-105. 
Rivera WL (2008). Phylogenetic analysis of Blastocystis isolates from 

animal and human hosts in the Philippines. Vet. Parasitol., 156: 178-

182. 
Sampaio JLM, Viana-Niero C, de Freitas D, Hǒfling-Lima AL, Leǎo SC 

(2006). Enterobacterial repetitive intergenic consensus PCR is a 
useful tool for typing Mycobacterium chelonae and Mycobacterium 
abscessus isolates. Microbiol. Infect. Dis., 55(2): 107-118. 

Saxena MK, Singh VP, Lakhcharua BD, Taj G, Sharma B (2002). Strain 

differentiation of Indian isolates of Salmonella by ERIC-PCR. Res. 
Vet. Sci., 73: 313-314. 

Sha J, Kozlova EV, Chopra AK (2002). Role of various enterotoxins in 
Aeromonas hydrophila-induced gastroenteritis: generation of 

enterotoxin gene-deficient mutants and evaluation of their enterotoxic 
activity. Infect. Immun., 70: 1924-1935. 

Shao J, Liu J, Xiang L (2004). Aeromonas hydrophila induces apoptosis 
in Carassius auratus lymphocytes in vitro. Aquaculture, 229: 11-23.  

Shoemaker CA, Klesius PH, Evans JJ (2002). In ovo methods for 
utilizing the modified live Edwardsiella ictaluri vaccine against enteric 

septicemia in channel catfish. Aquaculture, 203: 221-227. 
Son R, Rusul G, Sahilah AM, Zainuri A, Raha AR, Salmah I (1997). 

Antibiotic resistance and plasmid profile of Aeromonas hydrophila 

isolates from cultured fish, Tilapia (Tilapia mossambica). Lett. Appl. 

Microbiol., 24: 479-482. 
Song H, Wu Y, Shen Y, Hu M, Liu Y, Lu C (2011). Identification and 

detection of virulence factors of Aeromonas hydrophila in freshwater 

fish from a market in Nanjing. Chin. Vet. Sci., 41(2): 111-115. 
Wolters WR, Johnson MR (1995). Analysis of a diallel cross to estimate 

effects of crossing on resistance to enteric septicemia in channel 
catfish, Ictalurus punctatus. Aquaculture, 137: 263-269. 

Won KM, Park S (2008). Pathogenicity of Vibrio harveyi to cultured 

marine fishes in Korea. Aquaculture, 285: 8-13. 
Wong CYF, Heuzenroeder MW, Flower RLP (1998). Inactivation of two 

haemolytic toxin genes in Aeromonas hydrophila attenuates virulence 

in a suckling mouse model. Microbiology, 144: 291-298. 
Xiao D, Cao HP, Hu K, Yang XL (2011). ERIC-PCR genotyping and 

drug resistant analysis of pathogenic Aeromonas hydrophila from 

freshwater animals. J. Fish. Sci. China, 18(5): 1092-1099. 
Yambot AV (1998). Isolation of Aeromonas hydrophila from 

Oreochromis niloticus during fish disease outbreaks in the 

Philippines. Asian Fish. Sci., 10: 347-354.  
Zhang X, Chen C, Fang H (2006). Biological characterization and  



4520         Afr. J. Microbiol. Res. 
 
 
 

phylogenetic analysis of Aeromonas hydrophila from grass carp 
Ctenopharyngodon idellus. Chin. J. Zoonoses, 22: 334-337. 

Zhu DL, Li AH, Wang JG, Li M, Cai TZ, Hu J (2006). The correlation 

between the distribution pattern of virulence genes and the virulence 
of Aeromonas hydrophila strains. Acta Scientiarum Naturalium 

Universitatis Sunyatseni, 45: 82-85. 
 
 
 

 


